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1. PURPOSE

This activity will determine reasonable and conservative bounding estimates of annual surface
soil removal representative of the major soils present in the vicinity of the projected reference
critical group within the Amargosa Valley.  Leaching coefficients appropriate for the various
radionuclide elements that will be considered in the Total System Performance Assessment-Site
Recommendation (TSPA-SR) dose calculations carried out in the Repository Integration Program
(RIP) code (Golder 1998) will also be determined in the work activity.  The analyses are needed
to address concerns raised by review groups, including the U.S. Nuclear Regulatory Commission
(NRC) and the Performance Assessment Peer Review Panel (PAPRP), and the U.S. Department
of Energy (DOE) Management Technical Service (MTS), that the potential impact of
radionuclide accumulation in soils subjected to long-term continuous irrigation with
contaminated water was not addressed in the Total System Performance Assessment–Viability
Assessment (TSPA-VA), (CRWMS M&O 1998).  The soil removal analysis reported in this
Analysis/Model Report are applicable to both existing agricultural and domestic use soils and
soils conditions subsequently modified by thin deposits of volcanic ash (i.e., ash deposits less
than one centimeter thick);  the analysis does not address the future soil conditions resulting from
the deposition of thick ash deposits (e.g., >1.0 cm).

The Civilian Radioactive Waste Management System Management and Operating Contractor
(CRWMS M&O) Performance Assessment Organization will use radionuclide-specific
biosphere dose conversion factors (BDCFs) to calculate potential radiation doses to a
hypothetical human receptor group as part of the post-closure TSPA for the Site
Recommendation (SR).  Possible effects of soil radionuclide build-up on BDCFs generated by
the computer code GENII-S (Leigh et al. 1993) will be evaluated by subsequent analysis, and the
soil removal estimates derived from this Analysis/Model Report (AMR) analysis will be used as
input for the comprehensive radionuclide build-up assessment. Additionally, the soil loss
estimates derived from the analysis will be used in subsequent dose calculations for the
radionuclide-contaminated ash deposition scenario.  The parameters used to calculate the annual
soil depth reduction estimates and radionuclide-element leaching coefficients will be placed in the
Technical Data Management System (TDMS) along with required documentation in accordance
with AP-SIII.3Q, Submittal and Incorporation of Data to the Technical Data Management
System.

The two major removal processes evaluated in this analysis are:

1. Surface Soil Erosion Rate.  The annual reduction (cm/yr) of surface soil by the
combined processes of both wind and water erosion.  In this analysis the quantity (kg)
of soil removed from a given area (ha) of land per year (yr) will be used to calculate the
annual depth (cm) reduction of surface soil.

2. Leaching.  The downward movement of substances, including radionuclides, dissolved
in percolating waters.  In this analysis, the leaching coefficient (λ yr-1) will be
determined for 27 different elements.

The purpose for the annual soil depth reduction estimates is to couple these with the radionuclide
input quantities from irrigation with contaminated groundwater in a separate abstraction analysis
to determine the net build-up (inputs minus outputs) of radionuclides.
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The purpose for the leaching analysis is to develop more site-specific values for these parameters
than exist as default data in the GENII-S code, i.e., specific for the soil properties and principal
land use practices (alfalfa production) existing in the Amargosa Valley. The leaching coefficients
derived from this analysis will be used in the development of BDCFs for both the non-disruptive
and selected disruptive event scenarios.  The 27 elements (isotope independent) considered in the
analysis were selected from the list of radionuclide elements modeled in TSPA-VA (CRWMS
M&O 1998a) and additional elements subsequently screened-in through an analysis to determine
which radionuclides should be included in the total system performance assessment for site
recommendation based on their potential contribution to dose (TSPA-SR) calculations (CRWMS
M&O 1999a).

In these analyses, two estimates were developed for each of the two processes. First, a
“reasonable representative” or “best” estimate was developed for each.  This estimate is defined
as one being reasonably expected to occur based on the soil properties and land use
characteristics of the critical group (Dyer 1999, Section 115)  proposed by the Nuclear
Regulatory Commission (NRC) (64 FR 8640).  The conservative bounding estimate is a “high
dose-yielding bounding value” calculated under the conditions that would potentially result in
higher exposure rates. These analyses were conducted according to the Development Plan
entitled Evaluation of Soil/Radionuclide Removal by Erosion and Leaching, Rev. 0,   (CRWMS
M&O 1999b).

The soil removal analysis is constrained by the assumption that current land use practices result
in annual soil depletion due to accelerated erosion (Section 5.1) and does not consider possible
accretion due to aeolian and/or alluvial processes that might result in transport of soil material
and/or radionuclide contaminants to the site of consideration.  Both the soil removal estimates
and the calculated leaching coefficients are limited to sandy-textured soils and are therefore not
applicable to finer-textured soils that might be present as minor inclusions in the soil mapping
units considered in the analyses.

2. QUALITY ASSURANCE

This AMR has been determined to be Quality Affecting in accordance with QAP-2-0, Conduct of
Activities.  The activity evaluation (CRWMS M&O 1999c) determined that the information will
be used to support Performance Assessment and it supports other quality-affecting activities.
Therefore, this AMR is subject to the requirements of the Quality Assurance Requirements and
Description (QARD) document (DOE  2000).

Preparation of the AMR did not require the classification of items in accordance with CRWMS
M&O procedure QAP-2-3, Classification of Permanent Items.  The analyses conducted were not
field activities.  Therefore, a Determination of Importance Evaluation in accordance with
CRWMS M&O procedure NLP-2-0 Determination of Importance Evaluations was not required.
The governing procedure for preparation of this AMR is OCRWM procedure AP-3.10Q,
Analyses and Models.
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3. COMPUTER SOFTWARE AND MODEL USAGE

No models were used or developed in this analysis.  The leaching analyses included the use of a
FORTRAN routine (consisting of several  modules) developed in accordance with AP-SI.1Q,
Software Management (Section 5.1, Control of Software Routines and Macros).  The software
routine developed, SOIL_MODEL, version A1.20, was developed with FORTRAN 77.
Attachment II includes the Software Routine Verification documentation (McCurley 1999a) and
a hard-copy of the routine’s source code listing (McCurley 1999b).   The routine was used with
specific values of input parameters (Tables 2 and 3, all positive numbers).  As can be readily
verified by executing Equation 1 (Section 6.2) with the use of a hand calculator, the macro
produces the correct results for all specified input parameters.

4. INPUTS

4.1 DATA AND PARAMETERS

The following two sections contain a brief summary and listing of the input data and parameters
used in the calculations for the analysis of the two radionuclide removal processes from the
surface soil.

4.1.1 Surface Soil Erosion Analysis – Data/Parameter Inputs

Soil loss tolerance (T), sometimes called permissible soil loss, is defined as the maximum annual
rate of soil erosion that can occur while still maintaining productivity indefinitely (Troeh et al.
1980, p. 149).  T-value indices have been established for all major soils occurring across the
United States to serve as a guideline for land owner/managers to manage their practices in such a
manner as to sustain agricultural production over time.   A single T-value is assigned to each soil
type, or soil series (Brady 1984, p. 434) occurring within an agricultural field or applicable land
unit.  The soil’s surface horizon bulk density was employed to calculate the mass quantity of
annual soil loss per unit area of land (represented by the T-value) to an annual soil depth
reduction (Section 6.1.1).

Table 1 lists T-values and soil bulk density value ranges for the soils occurring in the major
mapping units in the vicinity of Lathrop Wells, NV which is the location of the specified farming
critical group  (Dyer 1999, Section 115 – Required characteristics of the reference biosphere and
critical group).  These soil data were extracted from a database maintained at the Las Vegas, NV
field office of the U.S. Department of Agriculture Natural Resource Conservation Service
(SN9912USDASOIL.000).  The six soil series comprising the specific mapping units were taken
from existing soil maps of the Amargosa Valley (CRWMS 1999c, Figure 1, pp. 2-3).
Assumptions and justification for the use of these input parameters are discussed in Section 5.1.

4.1.2 Leaching Analysis – Data/Parameter Inputs

The soil bulk density (ρ) input parameter value used in the leaching coefficient calculations
(Table 2) is the approximate mean value of the soil bulk density range associated with all six
soils listed in Table 1.  The annual precipitation (P), annual irrigation (I), and annual
evapotransporation (E) input parameter values are those values associated with alfalfa production
in the Amargosa Valley.  The element-specific soil/liquid partition coefficients (Kd values) listed
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in Table 3 are the values recommended by Sheppard and Thibault (1990, Tables 1, 3, and A-1)
for sandy loam-textured soils.  Justification for the use of these inputs, as well as assumptions on
their appropriateness for use in the analysis,  are discussed in Section 5.2.

Table 1. Soil Loss Tolerance (T) and Surface Horizon Soil Bulk Density (ρ) Values
Assigned to the Soil Series Comprising the Mapping Units Used for Agricultural
Production in the vicinity of Lathrop Wells, NV.

Soil Seriesa

Soil Loss
Tolerance
Factor, (T)  

(t/ ha/yr)

Soil Bulk
Density

(ρρρρ) b

(g/cm3)
DTN

Arizo 11.21 1.40 – 1.55 SN9912USDASOIL.000

Commski 11.21 1.40 – 1.60 SN9912USDASOIL.000

Corbilt    8.97 1.35 – 1.50 SN9912USDASOIL.000

Sanwell 11.21 1.40 – 1.60 SN9912USDASOIL.000

Shamock   4.48 1.50 – 1.70 SN9912USDASOIL.000

Yermo 11.21 1.40 – 1.60 SN9912USDASOIL.000

Notes: a Data extracted from CRWMS M&O  (1999c), Figure 1, pp. 2-3 and Appendix C.
b DTN SN9912USDASOIL.000, Moist Soil Bulk Density Value.

Table 2. Summary of Generic (e.g., not radionuclide-specific) Inputs Used in the
Leaching Analysis

Analysis Parameter Input DTN

Soil Bulk Density (ρ) 1.50  g/cm3   a SN9912USDASOIL.000

Annual Precipitation (P) 10.24  cm/yr b MO9903CLIMATOL.001

Irrigation Rate (I) 240.44 cm/yr c MO9912SPAING06.033

Annual Evapotranspiration (E) 235.43 cm/yr d MO9912MWDEEA06.003

NOTES: a  Mean value used as a “generic” soil bulk density for the purpose of this analysis.
The value is calculated by summing the mid-range values for all six soil series
listed in Table 1 and taking the average of these six values.

b Value is calculated by summing the average monthly precipitation (inches) for Site
9 listed in MO9903CLIMATOL.001 and multiplying by 2.54 for conversion to metric
units (cm).

c Value is calculated by multiplying the Milk (Alfalfa) Irrigation Rate parameter (94.66
inches) listed in MO9912SPAIN06.033 by 2.54 for conversion to metric units (cm).

d Value is calculated by multiplying the Annual Evapotranspiration parameter (92.69
inches) listed in MO9912MWDEEA06.003 by 2.54 for conversion to metric units
(cm).
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Table 3. Radionuclide Element-Specific Soil Solid/Liquid Partition Coefficients, Kd

values, Used in the Calculation of Leaching Coefficients.

Element

Kd

(Best Estimate)

(L/kg)

Kd

(Conservative
Estimate)

(L/kg) DTN and Source Table

C 5.00E+00 7.10E+00 SN0002KDVALUES.000, Tables 1 & A-1

Ni 4.00E+02 3.60E+03 SN0002KDVALUES.000, Table 3

Se 5.50E+01 7.00E+01 SN0002KDVALUES.000,  Table 3

Sr 1.50E+01 1.90E+02 SN0002KDVALUES.000,  Table 3

Y 1.70E+02         a SN0002KDVALUES.000, Table 1

Mo 1.00E+01 5.20E+01 SN0002KDVALUES.000,  Table 3

Zr 6.00E+02         a SN0002KDVALUES.000,  Table 1

Nb 1.60E+02         a SN0002KDVALUES.000, Table 1

Tc 1.00E-01 1.60E+01 SN0002KDVALUES.000,  Table 3

Pd 5.50E+01         a SN0002KDVALUES.000, Table 1

Sn 1.30E+02         a SN0002KDVALUES.000,  Table 1

Sb 4.50E+01         a SN0002KDVALUES.000,  Table 1

I 1.00E+00 8.10E+01 SN0002KDVALUES.000, Table 3

Cs 2.80E+02 1.00E+04 SN0002KDVALUES.000, Table 3

Sm 2.45E+02         a SN0002KDVALUES.000,  Table 1

Pb 2.70E+02 1.40E+03 SN0002KDVALUES.000, Table 3

Bi 1.00E+02         a SN0002KDVALUES.000, Table 1

Po 1.50E+02 7.02E+03 SN0002KDVALUES.000, Table 3

Ra 5.00E+02 2.10E+04 SN0002KDVALUES.000, Tables 1 &  A-1

Ac 4.50E+02         a SN0002KDVALUES.000, Table 1

Th 3.20E+03 1.50E+05 SN0002KDVALUES.000,  Table 3

Pa 5.50E+02         a SN0002KDVALUES.000, Table 1

U 3.50E+01 2.20E+03 SN0002KDVALUES.000, Table 3

Np 5.00E+00 3.90E+02 SN0002KDVALUES.000,  Table 3

Pu 5.50E+02 3.60E+04 SN0002KDVALUES.000, Table 3

Am 1.90E+03 3.00E+05 SN0002KDVALUES.000, Table 3

Cm 4.00E+03 2.30E+04 SN0002KDVALUES.000, Table 3

NOTE:   a Conservative Estimate Not Reported by Sheppard and Thibault (1990, Tables 1, 3, and A-1).
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4.2 CRITERIA

There are no criteria that are directly applicable to the analyses addressed in this AMR.
However, the NRC’s Total System Performance Assessment and Integration (TSPA&I) Issue
Resolution Status Report (IRSR) (NRC 1998) establishes generic technical acceptance criteria
considered by the NRC staff to be essential to a defensible, transparent, and comprehensive
assessment methodology for the repository system.  These regulatory acceptance criteria address
five fundamental elements of the U.S. Department of Energy's (DOE's) TSPA model for the
Yucca Mountain site, namely:

1. Data justification (focusing on sufficiency of data to support the conceptual basis of the
process model and abstractions)

2. Data uncertainty and verification (focusing on technical basis for bounding assumptions
and statistical representations of uncertainties and parameter variabilities)

3. Data uncertainty (focusing on alternative data consistent with available site data)

4. Data verification (focusing on testing of model abstractions using detailed process-level
models and empirical observations)

5. Integration (focusing on appropriate and consistent coupling of abstractions).

Relevant to the topic of this AMR, elements (1) through (4) of the acceptance criteria are
addressed herein and/or in the supporting calculation document(s).  Element (5) of the NRC
acceptance criteria, which strictly applies to the completed synthesis of process-level models and
abstractions, will be addressed separately in the TSPA-SR.

This AMR was prepared to comply with the above NRC TSPA&I acceptance criteria, as well as
the DOE interim guidance (Dyer 1999).

4.3 CODES AND STANDARDS

This is not applicable to this report because there are no codes and standards that apply to the
analyses addressed in this AMR.

5. ASSUMPTIONS

5.1 SURFACE SOIL EROSION ANALYSIS

It is assumed that soil erosion rates are accelerated in land subjected to use for agricultural and/or
domestic purposes.  Under natural conditions the rate of soil removal by erosion is generally in
approximate equilibrium with the rate of soil formation from the transformation of underlying
bedrock, alluvium, colluvium or other material constituting the parent material.  Under these
conditions the soil depth (or thickness) is maintained at a near constant depth (Troeh et al. 1980,
p. 4). Anthropogenic activities, including tilling of cropland, removal of vegetation, and grazing
of pasture or rangeland, typically tend to accelerate the natural rate of soil removal for a given
environment.  The disturbed soil is left with less protection against the detaching action of
raindrop impact and the transporting action of runoff water and wind.  Thus, the formation of
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new soil cannot keep pace with the accelerated erosion rate and the soil material progressively
becomes thinner until a new equilibrium is established or the soil material is removed entirely
(Troeh et al. 1980, pp. 5-6).   A general consequence of accelerated soil erosion is a decline in
plant growth and productivity.  Although production can at times be maintained with the addition
of fertilizers or other costly management practices, the soil’s natural production potential
declines because the shallower soil has lower water storage capacity, reduced capacity to
accommodate plant root growth, and lower fertility status than it did prior to accelerated erosion.

Soil that is continuously irrigated with radionuclide-contaminated water will experience a
progressive increase in radioactivity if soil and associated radionuclides are not removed by
erosion and leaching.  However, soil erosion rates on agricultural land within the Amargosa
Valley are accelerated to various degrees, with rates dependent upon the various land use
patterns (types of crops grown) and management techniques practiced by the land owners.
Therefore, to adequately assess the degree of build-up in radioactivity in soils subjected to
continuous or repetitive irrigation with contaminated water, an estimate of concurrent soil loss by
erosion is needed.

Over the past several decades, methods of evaluating the effectiveness of erosion control
methods have developed with the desired objective of encouraging conservation practices that
would reduce soil erosion losses to tolerable rates (Wischmeier and Smith 1978; Woodruff and
Siddoway 1965; Yoder and  Lown 1995).  Tolerable soil loss rates (T-values) are defined as the
maximum annual rates of soil erosion that will permit the indefinite maintenance of productivity
(Troeh et al. 1980, pp. 147-150).  Annual soil loss beyond the T-value will compromise long-
term productivity because this may result in significant reduction in plant nutrients and gully
formation and sedimentation may hamper tillage operations.  Troeh et al. (1980, p. 149)
identified the five levels of soil erosion tolerance established by the USDA Natural Resource
Conservation Service (formerly the Soil Conservation Service) based upon the properties of the
soils and their resiliency to productivity decline upon erosion; these annual soil erosion tolerance
loss groups are equal to about 2, 5, 7, 9, and 11 t/ha.    The maximum tolerable loss (11 t/ha/yr) is
for deep, permeable, well-drained, productive soils.  These soils can tolerate greater rates of
surface soil loss and still sustain their productive nature.  At the other end of the spectrum, the 2
t/ha/yr soil loss tolerance rate corresponds to shallow soils with unfavorable subsoils and parent
materials that severely restrict root penetration and soil development to offset the surface soil
losses; these soils cannot sustain even moderate rates of soil erosion and still maintain their
productivity.

Guidance and assistance with the implementation of conservation practices are available to
agricultural land users within the State of Nevada from the various county agricultural extension
services and the USDA NRCS in an effort to curb annual soil losses through erosion.  In
particular, USDA-sponsored Soil and Water Conservation Districts were set up in each county,
or portion of a county, across the United States, as a result of the Soil Conservation and
Domestic Allotment Act of 1935, Public Law 74-46.  The primary objective of these local
Conservation Districts is to offer a broad program of assistance in soil and water conservation on
the land and thereby foster the judicious use of land resources.

In this analysis, the T-value has been selected as a reasonable representation of the “worst-case”
annual soil loss rate from Amargosa Valley land subjected to agricultural or other uses such as
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domestic/recreational activities.  This assumption is justified because the current practice in
agricultural communities is to manage soil resources in such a manner as to sustain long-term
productivity (USDA NRCS 1998) and therefore restrict annual erosion losses to levels well
below the established T-values.

For the conservative bounding estimate, soil erosion is assumed to be impeded entirely (see
Section 6.1.2).  The assumption that there would be virtually no soil loss from agricultural land is
entirely plausible, especially under conditions of perennial crop production (e.g., alfalfa).  Under
these conditions the soil surface is protected from erosion (wind and/or water erosion)
throughout the calendar year by the continuous vegetation cover on the ground surface. A higher
biological dose to the receptor would result under these circumstances (no surface soil removal)
because the radionuclides introduced into the soils by surface irrigation would not be removed by
surface processes and thereby pose a greater exposure risk to a receptor via the various exposure
pathways (e.g., plant uptake and subsequent human ingestion, external exposure [ground shine],
etc.).  An exception is the direct groundwater ingestion pathway which is independent of soil
processes.

In the case of analyzing selected events of volcanic ash deposits (i.e., thin deposits of ash) onto
the land resources in the Amargosa Valley, the total radionuclide quantity associated with
contaminated ash deposited on the ground surface will also be “depleted” annually at a rate
commensurate with the annual rate of surface soil removal.  This premise is based upon the
assumption of complete mixing of thin deposits of ash within the surface soil layer by plowing.
Under these conditions the soil erosion rates are thereby controlled by the erosiveness of the
original soil, rather than the erosion characteristics of the ash material itself or some unknown
admixture of soil and ash.  In this abstraction, as well as in the base case wherein the
radionuclides are deposited onto the existing Amargosoa Valley soils by continuous or repetitive
irrigation with contaminated water, radionuclide concentrations will be reduced annually in
proportion to the annual reduction in the default 15-cm thick surface soil layer modeled by
GENII-S.

5.2 LEACHING ANALYSIS

It is assumed that soil/liquid partition coefficients, Kd values, recommended for sandy textured
soils are appropriate for calculating leaching coefficients for the soils in the vicinity of Lathrop
Wells.  The Kd values selected as input parameters for calculations of radionuclide-specific
leaching coefficients are taken from Sheppard and Thibault (1990, Tables 1, 3, and A-1).  These
data are qualified (i.e., values were considered as “accepted data” by the YMP Office of Project
Execution, OPE).  The values are recommended by Sheppard and Thibault (1990, Tables 1, 3,
and A-1) for sandy soils (sandy loams, loamy sands,  gravelly and/or cobbly sandy loams and
loamy sands) which are the types of soils found in Amargosa Valley (CRWMS M&O 1999d,
Appendix C). LaPlante and Poor (1997, p. 2-22) also used these values for their calculations of
leaching coefficients in a 1997 evaluation of site-specific characteristics and parameters for
modeling environmental pathways of radionuclide transport in the vicinity of Yucca Mountain.
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While it has been shown by some researchers (Griffin and Shimp 1976) that pH is an important
factor affecting Kd, references were not found that show the effect of pH on Kd values specific
for sandy soils. Griffin and Shimp (1976) looked at the effects of pH on adsorption of Pb, but
this study was on pure clay minerals.   Incorporated into this analysis is the range of Kd values
reported by Sheppard and Thibault (1990, Tables 1, 3, and A-1). The upper range of the Kd

values recommended for sandy-textured soils likely corresponds to soils with alkaline pH,
similar to the soils in the Amargosa Valley.   These Kd values could be different from other
values used in TSPA-VA for the unsaturated zone (UZ) (CRWMS M&O 1998b, Table 7-3, p.
T7-26) and saturated zone (SZ) transport calculations (CRWMS M&O 1998c, Table 8-19, pp.
T8-22).  However, a major reason for this difference is that, in contrast to the volcanic rock and
alluvial valley fill sediments considered in the UZ/SZ transport calculations, this analysis was
focused on biologically-active surface soils.

The values selected for the precipitation (P), irrigation (I), and evapotranspiration (E) parameters
(see Table 2) are those associated with the hay and forage biosphere plant group, specifically
alfalfa.

The GENII-S default value of 15 cm (Napier et al. 1988, p. 4.58) was employed as the soil depth
(D) input parameter value. The value of 1.50 g/cm3 was selected as the soil bulk density (ρ)
because this is the computed mean value for all the soils considered in this analysis (see Table 2).
It is assumed that although radionuclides can be leached below this surface soil layer, the
radionuclides will not reach the underlying groundwater aquifer in the Amargosa Valley through
this process.  This assumption is justified because under these arid conditions, the cumulative
water input (total annual precipitation and irrigation water) is not sufficient to leach constituents
in the soil much beyond the designated 15 cm surface soil depth.

Volumetric water content (θ ) at field capacity is not a routine analysis in standard USDA soil
survey procedures and therefore these data were not available for the major soil series considered
in this analysis.  Field capacity water content is defined as the water content remaining in soils
after complete saturation (such would occur after flood irrigation or prolonged heavy
precipitation) and at the time that all free drainage as ceased (Brady 1984,  p. 97).  After all free
drainage has occurred, the soil micropores or capillary pores remain filled with water, but water
in the macropores has moved to lower depths because of gravitational forces.  Napier et al.
(1988, p. 4.58) used a volumetric water content estimate near field capacity for the calculation of
leaching coefficients, however, his value for field capacity water content was likely equal to the
soil’s total porosity ( ≅ 0.5) and, thus, probably calculated under the assumption that all soil pores
are interstitially connected and potentially available for water occupation.  However,
discontinuities in pore channels exist in natural soils and generally not all pore space is filled
with water at the field capacity index level.   Consequently, a volumetric water content value
smaller than that used by Napier et al. (1988, p. 4.58) is probably more appropriate for this
analysis.

Baes and Sharp (1983, p. 20, Table 2) reported the results of an analysis of volumetric water
contents at field capacity and wilting point for 154 pasture and cropland soils.  The values they
recommended for volumetric water content at field capacity were 0.345 ml/cm3, 0.360 ml/cm3,
0.319 ml/cm3, and 0.217 ml/cm3, for silt loams, clays/clay loams, loams, and sandy loams,
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respectively.  Therefore, the value (0.217 ml/cm3) recommended by Baes and Sharp (1983) is
considered to be appropriate for the volumetric water retention capacity at field capacity for the
soils considered in this analysis and was used as the volumetric water content (θ ) input
parameter.

6. ANALYSES/MODEL

6.1 SOIL EROSION ANALYSIS

6.1.1 Reasonable Representation Case Analyses

As discussed in Section 5.1, the USDA-established soil-loss tolerance index, T-value, is
considered to be a sound, reasonable, and defensible representation of the maximum annual
quantity of soil loss that would potentially occur in the Amargosa Valley area, now and in the
future, if current institutional controls (e.g., USDA and State/County Agricultural Extension
Service guidance and support for land use management) remain in place.

The annual soil depth reduction corresponding to T-values for each of the major soil series
occurring in the vicinity of  Lathrop Wells is calculated by multiplying the annual soil mass loss
rate corresponding to the soil’s T-value by the reciprocal of soil bulk density (ρ)

Arizo Soil – T  = 11.21 t/ha/yr
ρ = 1.40 g/cm3   or  1.40 × 10-6  t/cm3

The annual soil depth reduction for this soil is:

11.21 t/ha/yr    ×    1.0  cm3       ×     1 m2            ×   1.0 ha  = 0.08 cm/yr 
 1.4 x 10-6 t  10,000 cm2 10,000 m2

The annual soil depth reduction corresponding to soil T-values for those soil series occurring in
the vicinity of Lathrop Wells ranged from a low of 0.026 cm/yr for the Shamock series with a
bulk density of 1.70 g/cm3 to a high of 0.080 cm/yr1 for the Arizo, Commski, Sanwell, and
Yermo soils with a bulk densities of 1.40 g/cm3 (Table 4).   However, the calculated annual soil
depth reduction rates are generally between 0.06 and 0.08 cm/yr, with the exception of the
Shamock series, is a moderately deep, gravelly-fine sandy loam soil (CRWMS M&O 1999d,
Appendix C) and is less tolerable of soil erosion than the other deeper soils before experiencing a
reduction in productivity.
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Table 4. Calculated Best Estimate Annual Soil Depth Reductions for the Soils in the Vicinity of Lathrop
Wells, Amargosa Valley

Bulk Density (ρρρρ)
(g/cm3)

Annual Soil Depth Reduction
(cm/yr)

Soil Series
T Value
 (t/ha/yr) Lower Range Upper Range

Lower Bulk
Density Estimate

Upper Bulk
Density Estimate

Arizo 11.21 1.40 1.55 0.080 0.072

Commski 11.21 1.40 1.60 0.080 0.070

Corbilt 8.97 1.35 1.50 0.066 0.060

Sanwell 11.21 1.40 1.60 0.080 0.070

Shamock 4.48 1.50 1.70 0.030 0.026

Yermo 11.21 1.40 1.60 0.080 0.070

6.1.2 Conservative Bounding Estimate Analysis

The conservative bounding estimate analysis assumes that erosion would be eliminated
altogether and thus, no annual soil depth reductions would occur for any of the above soils.  The
scenario (i.e., zero soil erosion losses)  is considered to be conservative because these conditions
would result in the maximum radiation dose to the receptor.  From a realistic standpoint, the
scenario is entirely plausible on those land areas under optimum management because wind and
water erosion are virtually suppressed completely under conditions of perennial vegetation cover
(e.g., alfalfa fields) on nearly level to level terrain such is characteristic of much of the
agricultural land within the Amargosa Valley.

6.2 LEACHING ANALYSIS

The residence time of radionuclide contaminants in soils can have a large influence on the
relative contribution of the various contaminant exposure pathways to a receptor’s total
exposure.  Therefore, assessment of health risks to humans from radionuclide-contaminated soils
must take into account the removal of radionuclides from the surface soil to the underlying strata
by leaching.   Radionuclides removed from the modeled soil layer by leaching (similarly to those
depleted by surface soil removal), are no longer available for many of the possible exposure
pathways including plant uptake, inhalation and ingestion of surface soil.  The GENII-S code
used in the TSPA for the proposed Yucca Mountain repository uses element-specific loss terms
that account for removal of contamination from surface soils through leaching into deeper layers.
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Equation 1 uses the relationship from Baes and Sharp (1983, p. 18) to calculate the leaching
coefficients, λ  (yr-1)

λ     =    
)K/0.1( d×+××

−+
θρθD

EIP
(Eq. 1)

where:

P , I, and E are the annual precipitation, irrigation, and evapotranspiration rates [cm/yr]

D = Depth of surface soil – default value [15 cm]

θ = Volumetric water content of soil – assumed value [0.217  ml/cm3 or cm3/cm3]

ρ = Surface soil bulk density [g/cm3]

Kd = Surface soil solid/liquid partition coefficient, Kd, for a specific radionuclide (isotope
independent) and soil type  [L/kg or cm3/g]

[Note that for the volumetric water (θ)  parameter, the units ml and cm3 are equivalent and for
the Kd parameter the units  L/kg and cm3/g are equivalent.]

The parameter with the most variability and, potentially, the largest effect on the calculated
leaching coefficients is the soil solid/liquid partition coefficient (Kd).  However, an extensive
review of the existing soil information specific to Nye County, Nevada, and more importantly,
specific to the Amargosa Valley, revealed that soil data were collected chiefly for agricultural
purposes and did not include values for soil solid/liquid partition coefficients.  Therefore, values
recommended for sandy-textured soils by Sheppard and Thibault (1990, Tables 1, 3, and A-1)
were used for the analysis because they correspond to soils with sandy loam textures which are
the dominant soil textural classes found in the Amargosa Valley (CRWMS M&O 1999d,
Appendix C).  LaPlante and Poor (1997, p. 2-22) used the same values for their calculations of
leaching coefficients in a 1997 evaluation of site-specific characteristics and parameters for
modeling environmental pathways of radionuclide transport in the vicinity of Yucca Mountain.

The soils in the Amargosa Valley are alkaline (pH > 7.0) (CRWMS M&O 1999d) and some
researchers have shown that pH may be an important factor affecting Kd values (Brady et al.
1998; Gee et al. 1983; Griffin and Shimp 1976; Nakayama et al. 1988; Sheppard 1985; Sheppard
and Thibault 1990).  However, data from studies that investigated the effect(s) of pH on Kd

values for soils present in the Amargosa Valley, or even for sandy soils in general, were not
successfully located.  As stated previously (Section 5.2), Griffin and Shimp (1976) did evaluate
the effects of pH on adsorption of Pb, but this study was on pure clay minerals.  However, many
of the radionuclides that would potentially be introduced into the soil through irrigation with
contaminated water are metallic in nature and it is well documented that metal solubility in soils
is greatly reduced with increasing pH (Bohn et al. 1979, pp. 212-213;  Brady et al. 1998, p. 78;
Tisdale et al. 1985, p.512;  Coughtrey and Thorne 1983, Volume 2,  p. 96 and p. 219).
Therefore, the upper range of Kd values recommended by Sheppard and Thibault (1990) for
sandy-textured soils are considered appropriate for the alkaline Amargosa Valley soils included
in this analysis.
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Example Calculation–Leaching Coefficient for Plutonium (Pu)

Using Equation 1, the general soil input parameter values listed in Table 2, and the soil
solid/liquid partition coefficient (Kd) for Pu listed in Table 3, the leaching coefficients (λ) are
calculated with the use of a FORTRAN 77 routine (MOL.19991011.0124, software routine
verification documentation; MOL.19991011.0125, routine’s source code listing) as follows:

Best Estimate Leaching Coefficient:

  )550217.05.10.1(217.015

43.23544.24024.10

×+××
−+=λ  = 1.23 x 10-3

Conservative Bounding Estimate Leaching Coefficient:

  )36000217.05.10.1(217.015

43.23544.24024.10

×+××
−+=λ  = 1.88 x 10-5

The leaching coefficients calculated for the reasonable representation case (Best Estimate) and
the conservative bounding estimate (Conservative Estimate) for the 27 radionuclide elements
considered in this analysis are listed in Table 5.

With the exception of molybdenum (Mo), there is a difference of either one or two orders of
magnitude between the two leaching coefficient estimates for the radionuclide elements
evaluated, with the Best Estimate values being greater.  As mentioned previously, the
conservative Kd values (Table 3) were selected to represent the conservative bounding estimate
for the non-disruptive (base case) PA biosphere analysis.  The resulting smaller leaching
coefficients are consistent with the conservative bounding assertion because the lower the degree
of radionuclide leaching from the surface soil, the greater the potential for exposure to the
receptor through the radionuclide transfer pathways modeled by GENII-S.  One exception is the
well water consumption pathway because, as modeled in the base case performance assessment,
the radionuclide content in groundwater is due entirely from the direct transfer of radionuclides
in the source waste within the repository by SZ flow and transport  and is therefore independent
of radionuclide leaching from topsoil.

Major differences in the leaching coefficients among the various radionuclide elements are
mostly due to differences in the chemical nature of the elements and their subsequent stable
oxidation states.  For example, the large leaching coefficient for technetium (Tc) reflects the
element’s propensity to exist in the +7 valence form and as the pertechnetate ion (TcO4

-) in
oxidized soil environments (Coughtrey and Thorne  1983, Vol. 3, p. 210).  In this anionic form,
Tc sorption by soil colloids is virtually non-existent and the radionuclide can readily be removed
by leaching, much like the nitrate-nitrogen ion (NO3

-).  On the other hand, for most of the
metallic elements, the calculated low leaching coefficients reflect the tendency of these elements
to bind strongly onto negatively-charged soil surfaces, sometimes irreversibly (Brady et al. 1998,
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pp. 61-64).  Additionally, many of these elements readily form carbonate mineral phases and/or
become trace constituents in CaCO3 precipitates under alkaline soil conditions (Brady et al.
1998, p. 47).

Table 5. Leaching Coefficients (λ) Calculated for 27 Radionuclide Elements (Isotope Independent).
Best Estimate and Conservative Estimate Values Represent the Reasonable Representation
and Conservative Bounding Estimate, Respectively

Leaching Coefficient, λλλλ,   (yr-1)

Element Best Estimate Conservative Estimate
C 1.32E-01 9.35E-02

Ni 1.69E-03 1.88E-04

Se 1.23E-02 9.66E-03

Sr 4.47E-02 3.56E-03

Y 3.98E-03   a

Mo 6.68E-02 1.30E-02

Zr 1.13E-03   a

Nb 4.23E-03   a

Tc 2.77E+00 4.20E-02

Pd 1.23E-02   a

Sn 5.20E-03   a

Sb 1.50E-02   a

I 5.92E-01 8.35E-03

Cs 2.42E-03 6.77E-05

Sm 2.76E-03   a

Pb 2.51E-03 4.84E-04

Bi 6.76E-03   a

Po 4.51E-03 9.65E-05

Ra 1.35E-03 3.23E-05

Ac 1.50E-03   a

Th 2.12E-04 4.52E-06

Pa 1.23E-03   a

U 1.93E-02 3.08E-04

Np 1.32E-01 1.74E-03

Pu 1.23E-03 1.88E-05

Am 3.56E-04 2.26E-06

Cm 1.69E-04 2.94E-05

NOTE:  a Conservative Estimate was not calculated because an applicable Kd value was not provided by
Sheppard and Thibault (1990, Tables 1, 3, and A-1).  Although zero could be used as the
conservative value, this might be unreasonably conservative and unrealistic in many cases (e.g.,
elements with high leaching coefficients).  Therefore it is recommended that the best estimate be
used as the conservative value for those radionuclide elements that do not have a Conservative
Estimate listed in Column 3 above.

6.3 EXPECTED SOURCES OF UNCERTAINTY AND APPLICATION TO PA
ANALYSIS

Because the analyses of annual soil depth reduction rates were deterministic in nature, i.e., based
upon reasonable maximum soil erosion rates associated with current land use practices, the major
source of uncertainty in the analysis is the assumption that these current management and
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conservation practices will continue into the future.  Land resources in the Amargosa Valley
could be used and managed in a variety of ways.  However, as discussed previously (Section
5.1), technical guidance and assistance is currently provided to land owners/managers through
local USDA-sponsored Conservation Districts with the objective of fostering land use practices
that will result in sustained productivity. Maintaining annual soil erosion losses below the levels
prescribed by the established soil loss tolerance factor (T-value) is a major focus of this program.
If current institutional services such as the Southern Nye County Conservation District guidance
and assistance to land owners/managers in the Amargosa Valley are abandoned, present land use
practices could deviate to other less conservation-oriented uses.  For example, some of the land
currently used for alfalfa production could be taken out of agricultural production and used for
other purposes such as urban development.  Under these circumstances, and especially during the
transitional periods when the land has been graded for development but the development has not
occurred, annual soil losses exceeding the USDA established T-value levels could occur.

Another potential source of uncertainty in the soil depth reduction calculations is related to
uncertainty in actual soil bulk density values in the area in which the critical group would reside.
For the soil series evaluated, a range between an upper and lower bulk density bounding value
were provided (Table 1).   Calculated annual depth reduction rates between the upper and lower
bulk density values provided for each soil series differed only between 10 to 13 percent (Table
4).  Compared to the potential effects of the uncertainty associated with the changes in annual
erosion rates that could potentially result from land use or management changes, uncertainty in
the calculations arising from soil bulk density variation within soil series is relatively minor.

The largest degree of uncertainty in the leaching coefficient calculations is associated with the Kd

values selected for each radionuclide, hence the leaching coefficient calculations are most
sensitive to these input parameters  (exceptions may occur when the element Kd is small (≤1)).
Published information on radionuclide-specific Kd measurements for soils in the Amargosa
Valley was not found, and, potentially, there is a degree of uncertainty in how the values used in
the calculations in Table 3 would differ from values obtained from actual experimental analysis
on the six Amargosa Valley soil series considered in the analysis.

7. SUMMARY AND CONCLUSIONS

The analyses reported in this AMR were conducted to address the potential impact(s) of erosion
and leaching as they relate to the accumulation/removal of radionuclides in soils.  The results of
this study will be used in subsequent AMR analyses to determine the total annual build-up of
radionuclides resulting from irrigation with contaminated groundwater and the potential removal
rate of radionuclides in contaminated ash deposits within the Amargosa Valley.  To assess
radionuclide build-up in soils subjected to continuous or repetitive irrigation with contaminated
water, an estimate of concurrent soil loss by erosion is needed. Although the GENII-S code used
in the TSPA biosphere analysis considers the leaching process in its calculations, the objective of
this analysis of soil/liquid partition coefficients was to derive values that are more appropriate for
the soil environment in the Amargosa Valley.

The estimates of annual soil depth reduction (Table 4) are applicable for use in calculations of
net cumulative radionuclide build-up as a result of irrigation on arable land with contaminated
groundwater, as well as for assessing the removal of radionuclide-contaminated ash deposited on
these lands.  In the former case, the radionuclide content removed annually by surface soil
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erosion will be subtracted from the annual irrigation input of radionuclides.  In the latter case, the
total radionuclide quantity associated with contaminated ash deposited on the ground surface
will be “depleted” annually at a rate commensurate with the annual rate of surface soil removal.
This second scenario is based on the assumption that thin deposits of ash within the surface soil
layer are completely mixed within the original surface soil layer, with subsequent erosion rates
controlled by the erosion characteristics of the original soil, rather than the erosion characteristics
of the ash material itself or some unknown admixture of soil and ash. The radionuclide
concentrations in the soils will be reduced in proportion to the annual soil depth reduction
estimates (Table 4) from the default 15-cm thick surface soil layer modeled by GENII-S for both
of the above abstractions.

Two values were calculated for the surface soil erosion loss estimates and the leaching
coefficients: 1) a reasonable estimate based on the soil properties in the Amargosa Valley and the
land use characteristics of the critical group proposed by the NRC, and 2) a conservative, high
dose-yielding bounding value calculated under the conditions that, potentially, would result in
higher exposure rates (i.e., the conservative bounding estimate).

The USDA-established soil loss tolerance value (T), designated as the upper limit of annual
surface soil loss beyond which long-term productivity is compromised, was selected as the
reasonable and defensible maximum annual quantity of soil removal by erosion that, potentially,
would occur in the Amargosa Valley area.  This is based upon the assumption that the current
USDA and State/County Agricultural Extension Service guidance and support for land use
management remain in place.

The annual soil depth reduction estimates (Table 4) for the soils occurring in the vicinity of
Lathrop Wells ranged from a low of 0.026 cm/yr for the Shamock series with a bulk density of
1.70 g/cm3 to a high of 0.080 cm/yr for the Arizo, Commski, Sanwell, and Yermo soils with bulk
densities of 1.40 g/cm3.  However, with the exception of the Shamock series, which is a
moderately deep, gravelly fine sandy loam soil and therefore less resilient to soil erosion before
experiencing a reduction in productivity, the calculated annual soil depth reduction rates are
generally between 0.06 and 0.08 cm/yr.   For the conservative bounding estimate, soil erosion
was assumed to be checked entirely (i.e., no surface soil erosion loss).

The leaching coefficient calculations are most sensitive to the Kd input parameter, with the
magnitude of the leaching coefficients being inversely related to the magnitude of element’s
respective Kd.  A major objective of the analysis was to attempt to use site-specific soil data,
including Kd values,  preferably obtained from studies on soils present in the vicinity of Yucca
Mountain. However, in the absence of such data, values recommended for sandy-textured soils
by Sheppard and Thibault (1990, Tables 1, 3, and A-1) were chosen for the analysis.  These
values are deemed  to be the most appropriate and comprehensive data available.  Other input
parameter values including soil bulk density, precipitation, evaporation, and irrigation rate, were
based upon data obtained from the Amargosa Valley.

The leaching coefficients (Table 5) calculated with the best estimate soil/liquid partition
coefficient (Kd) were generally larger, by either one or two orders of magnitude, than those
calculated with the conservative Kd estimates. Differences in the leaching coefficients among the
various radionuclide elements were largely due to differences in their chemical nature and their
subsequent stable oxidation states.  For most of the metallic and metallic-like elements (e.g., Am,
Ni, Sm. Pu, U), low leaching coefficients were attributed to strong binding by negatively-
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charged soil surfaces (i.e., high Kd). On the other hand, the large leaching coefficient calculated
for Tc resulted from the element’s low Kd, reflecting the element’s propensity to exist as an anion
in aerobic soils, and thus exhibit low adsorption to negatively charged mineral colloids in
oxidized soil environments.

It is interesting to note that those elements that are most likely to reach the accessible
environment, (where exposure occurs), via the groundwater pathway, are also the most rapidly
leached from the (agricultural) soil and are consequently less available for crop/animal uptake
and subsequent consumption by humans. This is important because Tc and I, which both have
relatively small Kd values are, from the standpoint of migration from the repository to the
biosphere, two of the largest potential dose contributors in the 10,000 year regulatory time frame.
Consequently, uncertainty in the Kd values (for the soils in Amargosa Valley) of these two
elements could significantly impact dose calculations and perhaps the margin of regulatory
compliance.

For the conservative bounding estimate, the use of the largest Kd value recommended for each
radionuclide element by Sheppard and Thibault (1990, Tables 1, 3, and A-1) generally produced
a considerably smaller leaching factor, particularly where the maximal (conservative estimate)
Kd was substantially much larger than the “best estimate” Kd.  For exposure through the food
chain pathways (via soil), the potential dose from metallic elements such as neptunium (Np),
plutonium (Pu), and others is increased, perhaps significantly, because of their retention in the
surface soil.  Of course, since the resulting soil concentrations of these elements are relatively
greater for this case, the dose risk due to direct external (ground shine) and inhalation exposure
pathways will be increased.  However, the TSPA-VA performance assessment (CRWMS M&O,
1998a) showed that ground shine and inhalation contribute a very small fraction of the total dose
due to all pathways.

The TSPA-VA analyses did not consider soil build-up, but this process is included in the TSPA-
SR.  Thus, the conservative bounding estimate analyses conducted for this AMR will make the
PA analysis more comprehensive because they are a necessary component of the soil buildup
abstraction.

This document may be affected by technical product input information that requires
confirmation.  Any changes to the document that may occur as a result of completing the
confirmation activities will be reflected in subsequent revisions. The status of the input
information quality may be confirmed by review of the Document Input Reference System
database.
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